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Abstract The role of plasma waves in shaping the intense Jovian radiation belts is not well understood.
In this study we use a realistic wave model based on an extensive survey from the Plasma Wave
Investigation on the Galileo spacecraft to calculate the eﬀect of pitch angle and energy diﬀusion on Jovian
energetic electrons due to upper and lower band chorus. Two Earth-based models, the Full Diﬀusion Code
and the Versatile Electron Radiation Belt code, are adapted to the case of the Jovian magnetosphere and
used to resolve the interaction between chorus and electrons at L = 10. We also present a study of the
sensitivity to the latitudinal wave coverage and initial electron distribution. Our analysis shows that the
contribution to the electron dynamics from upper band chorus is almost negligible compared to that from
lower band chorus. For 100 keV electrons, we observe that diﬀusion leads to redistribution of particles
toward lower pitch angles with some particle loss, which could indicate that radial diﬀusion or interchange
instabilities are important. For energies above >500 keV, an initial electron distribution based on
observations is only weakly aﬀected by chorus waves. Ideally, we would require the initial electron phase
space density before transport takes place to assess the importance of wave acceleration, but this is not
available. It is clear from this study that the shape of the electron phase space density and the latitudinal
extent of the waves are important for both electron acceleration and loss.
1. Introduction
The discovery of decimetric wavelength emissions (tens to hundreds of centimeters) [Burke and Franklin,
1955; Drake and Hvatum, 1959; Radhakrishnan and Roberts, 1960] was the ﬁrst proof of the presence of rela-
tivistic electrons trapped in the magnetic ﬁeld of Jupiter [e.g., Carr and Gulkis, 1969; Berge and Gulkis, 1976;
Bolton et al., 2002]. Synchrotron radiation from energetic trapped electrons peaking around 1.5 RJ is respon-
sible for the observed emissions, and their long-term variation of months to years [Gerard, 1970, 1976; Klein,
1976, 1989] has been shown to be directly correlated to changes in the spatial distribution of these trapped
energetic particles (the Jovian radiation belts) for L< 4 RJ [De Pater, 1981; De Pater and Goertz, 1990, 1994;
Dulk et al., 1999a, 1999b]. Losses due to synchrotron radiation are most important in the inner portion of the
magnetosphere, and initial modeling eﬀorts included this mechanism as well as radial diﬀusion and interac-
tion with neutrals [Santos-Costa and Bourdarie, 2001; Santos-Costa et al., 2008; Sicard and Bourdarie, 2004], but
they left aside the eﬀect of wave-particle interactions.
The radiation belts of Jupiter are the most intense of all the planets in the solar system [Bolton et al., 2002].
Their source is not well understood, but they are believed to be the result of inward radial transport beyond
the orbit of Io [Santos-Costa and Bourdarie, 2001; Sicard and Bourdarie, 2004]. Divine and Garrett [1983] pro-
vided an empirical model of the Jovian environment based on measurements from Pioneer and Voyager
spacecraft, and data from synchrotron radiation were added to the model in a latter publication [Garrett
et al., 2005]. The Galileo Interim Radiation Electron (GIRE) model [Garrett et al., 2002] and its updated ver-
sion 2 (GIRE2) [de Soria-Santacruz et al., 2016] incorporated data from the Galileo Energetic Particles Detector
(EPD) [Williams et al., 1992] to the data-starved model from Divine and Garrett [1983]. A separate modeling
eﬀort from the Oﬃce National d’Études et de Recherches Aérospatiales (ONERA) is the Jovian Speciﬁcation
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in Sicard and Bourdarie [2004] with in situ data from the Galileo EPD. These models, however, do not charac-
terize the eﬀect of magnetospheric waves on the dynamics of the intense Jovian radiation belts, but diﬀusion
simulations that include wave-particle interactions are needed to study this variability. In the case of Earth,
the radiation belts are the result of local acceleration [e.g., Summers et al., 1998; Horne and Thorne, 1998;
Shprits et al., 2006a] and radial diﬀusion [e.g., Kellogg, 1959; Shprits and Thorne, 2004] from whistler waves,
and it has been suggested that this type of acceleration may also be signiﬁcant in the magnetosphere of
Jupiter [Horne et al., 2008; Shprits et al., 2012]. Diﬀerent diﬀusion codes have been developed to study the
dynamics of the Earth’s magnetosphere and characterize the interaction between relativistic electrons and
whistlerwaves. In thepresent paperwe adapt oneof these codes, the two-dimensional versionof theVersatile
Electron Radiation Belt (VERB) computer code [Shprits et al., 2009; Subbotin et al., 2010], to the case of the
Jovian magnetosphere.
Exploratory two-dimensional studies exist based on preliminarywavemeasurements.Horne et al. [2008] were
the ﬁrst to use a basic model of whistler mode waves at Jupiter based on Galileo observations to estimate
diﬀusion coeﬃcients, and they showed that waves are strong enough to accelerate electrons to relativistic
energies. In a later publication, Shprits et al. [2012] also used a basicwhistlerwavemodel to compare the eﬀect
of pitch angle and energy diﬀusion at Earth, Jupiter, and Saturn and studied the sensitivity to the assumed
initial phase space density (PSD) and the theoretical latitudinal wave distribution. Shprits et al. [2012] con-
ﬁrmed that interactions with whistler waves are responsible for signiﬁcant local acceleration of electrons at
Jupiter and suggested that the latitudinal distribution of the waves has a determining role in the dynamics of
energetic electrons. Similarly,Woodﬁeld et al. [2013, 2014] continued studying the interaction between cho-
ruswaves and energetic electrons usingwave data fromMenietti et al. [2008], whichwas based on preliminary
measurements of whistler waves but it did not provide a complete survey of the wave data as a function of
spatial parameters. In the present manuscript, we use realistic parameters to determine the importance of
whistler emissions in the acceleration and loss of electrons in the Jovianmagnetosphere.More speciﬁcally, we
use the extensive wave survey fromMenietti et al. [2016] and initial conditions derived from the GIRE2 empir-
ical electron model to estimate the pitch angle and energy diﬀusion of the electron population due to lower
and upper band chorus as a function of their latitude coverage. Finally, we study the sensitivity to the initial
PSD by comparing the simulation results from the GIRE2 initial condition with those from a ﬂat initial PSD as
well as from the PSD used by Shprits et al. [2012]. The study focuses on the Jovian environment close to the
orbit Europa but far away from the moon to avoid the introduction of any moon-induced eﬀects. The region
around Europa is of special interest to the heliophysics and planetary physics communities and also to engi-
neers and spacecraft designers due to its connection to the planned Europa Clipper mission [Jet Propulsion
Laboratory, 2017].
The paper is organized as follows: Section 2 describes the codes, input parameters, and models required to
calculate diﬀusion coeﬃcients and the evolution of the phase space density. Section 3 presents the results
from the simulations, and section 4 concludes with a summary and discussion of the ﬁndings.
2. Models and Input Parameters
We use the VERB code to model electron ﬂux and the timescale for electron acceleration in the Jovian mag-
netosphere. The code is based on a 3-D solution of the Fokker-Planck equation [Schulz and Lanzerotti, 1972]
including radial, energy, pitch angle, and mixed diﬀusion terms. The present study, however, focuses on 2-D
diﬀusion at L = 10 (where the L shell is the McIlwain parameter and it is the distance from the magnet to the
dipole ﬁeld line measured in Jupiter radii at the magnetic equator) including pitch angle, energy, and mixed
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where f is the phase space density (PSD), y is the sine of the equatorial pitch angle, y = sin(𝛼eq), p is the
momentum of the particle, and <D𝛼𝛼 >, < Dpp >, and <D𝛼p > are the bounce and magnetic local time aver-
aged pitch angle, energy, and mixed components of the diﬀusion tensor. T(y) is a function related to the
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Table 1. Lower Band Chorus Wave Parameters at L = 10
Latitude Coverage |𝜆| < 3∘ |𝜆| < 15∘ |𝜆| < 40∘
Wave intensity |𝜆| < 15∘ : Bw(𝜆) = 17.94 ⋅ 10−3.906⋅10−2⋅|𝜆[∘]| [pT]|𝜆|> 15∘ : Bw(𝜆) = 4.66 [pT] (assumed)
Wave spectral properties 𝜔m∕Ωce = 0.05 𝜔m∕Ωce = 5 ⋅ 10−4 𝜔m∕Ωce = 5 ⋅ 10−4
𝛿𝜔∕Ωce = 0.2 𝛿𝜔∕Ωce = 0.2 𝛿𝜔∕Ωce = 0.2
𝜔lc∕Ωce = 0.03 𝜔lc∕Ωce = 0.03 𝜔lc∕Ωce = 0.03
𝜔uc∕Ωce = 0.5 𝜔uc∕Ωce = 0.5 𝜔uc∕Ωce = 0.5
Wave normal 𝜃m = 0∘, 𝛿𝜃 = 30∘ , 𝜃lc = 0∘ , 𝜃uc = 70∘
bounce time and it is given inOrlovaand Shprits [2011], and 𝜏 is the electron lifetime and it equals one quarter
of the bounce period inside the loss cone.
Quasilinear diﬀusion coeﬃcients are calculatedwith theFullDiﬀusionCode (FDC) [Nietal., 2008; ShpritsandNi,
2009; Orlova and Shprits, 2011] using ±5, ±4, … , 0 harmonics, and they are used as an input to the VERB
code. The FDC code uses the formulation from Glauert and Horne [2005] and Albert [2005], and it is capable
of calculating resonance scattering rates including Landau and cyclotron resonance scattering by obliquely
propagatingwaves,which are solvedusing the changeof variables suggested inOrlovaandShprits [2011]. The
code assumes that the wave power spectral density B2(𝜔) is distributed according to a Gaussian frequency
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where X = tan(𝜃), Xm = tan(𝜃m), X𝜔 = tan(𝛿𝜃), 𝜃 is the wave normal angle, 𝜃m is the peak wave normal angle,
and 𝛿𝜃 is a parameter describing the angular width of the distribution. 𝜃lc and 𝜃uc in Table 1 are the lower and
upper cutoﬀs for the wave normal angle distribution, respectively.
The wave power spectral density above is determined from the most comprehensive and recently published
survey of whistler mode waves at Jupiter [Menietti et al., 2016] from the Plasma Wave Investigation (PWI) on
board the Galileo spacecraft [Gurnett et al., 1992]. The instrument consists of two orthogonal search coil mag-
netometers perpendicular to the spin axis aswell as an electric dipole antenna. The survey from [Menietti et al.,
2016] provides statistics and ﬁttings of lower (𝛽 = 𝜔∕Ωce and ranges from 0.03 to 0.5, where Ωce is the elec-
tron cyclotron frequency at the equator) and upper (𝛽 from 0.5 to 0.8) band chorus waves for two latitude
ranges of |𝜆| < 3∘ and |𝜆| < 15∘ since no wave measurements exist at higher latitudes given the nature of
Galileo’s orbit. The wave model excludes any wave data from moon encounters to avoid the introduction of
anymoon-induced eﬀects. The two chorus bands can be clearly observed in Figure 1a obtained from the PWI
instrument. The white lines denote the cyclotron frequencyΩce,Ωce∕2, as well as the lower hybrid frequency
ΩLH. Most of the emission aboveΩLH is whistler mode, with centers of lower and upper bands of chorus indi-
cated. Plasma wave data are not typically narrow banded as in terrestrial chorus, and the intensity levels for
upper band chorus are usually more than 1 order of magnitude lower than for lower band chorus. Figures 6
and 7 of Menietti et al. [2016] provide scatterplots of PWI data as well as empirical ﬁts to the data for lower
and upper band chorus waves, respectively. The FDC code uses an input Gaussian frequency spectrum to cal-
culate diﬀusion coeﬃcients, and so we have ﬁt the wave power spectral density in Menietti’s ﬁgures with a
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Figure 1. (a) Frequency-time spectrogram from the Plasma Wave Investigation (PWI) instrument on board Galileo. The white lines denote the cyclotron
frequency Ωce, Ωce∕2, as well as the lower hybrid frequency ΩLH. Latitudinal dependence of Bw used in the study for (b) upper and (c) lower band chorus waves.
Gaussian frequency distribution as described in equation (2). The wave normal angle is also assumed to fol-
low a Gaussian distribution given by Shprits et al. [2012]. Spectral and wave normal ﬁts used by the FDC code
are summarized in Tables 1 and 2 for lower and upper band chorus, respectively.
In this investigation we want to study the eﬀect of the latitudinal extent of the waves on electron dynamics.
Figures 1b and 1c show the latitudinal dependence of Bw over a range of L shells, 10 ≤ L ≤ 13, obtained from
Menietti et al. [2016] for upper and lower band waves, respectively. The wave intensity in the ﬁgures repre-
sents an average over all local times and frequencies within the range of L shells. Galileo, however, was limited
to |𝜆| < 15∘, and so we assumed that waves capable of extending to higher latitudes would have the same
intensity and spectral parameters than those for the |𝜆| = 15∘ case. Based on this assumption, and in addition
to the |𝜆| < 3∘ and |𝜆| < 15∘ cases, we also calculate the eﬀect that a wave coverage of |𝜆| < 40∘ would have
on the electron dynamics so that we can compare the results from this investigation with high-latitude Juno
measurements of waves and particles in the near future. In addition to spectral parameters, Tables 1 and
2 summarize wave intensities and latitude coverages used in the study for lower and upper band chorus,
respectively.
The electron density is also an input to the FDC code, and it is obtained from the Divine and Garrett model
[Divine andGarrett, 1983]. The plasma density equals 30.2 cm−3 as given by themodel at L = 10. Other density
models [Bagenal etal., 1985;BagenalandDelamere, 2011] producevery similar results to theDivine andGarrett
model at L = 10 [Garrett et al., 2015]. The latitudinal variation of the plasma density is unknown, and so in this
study we have assumed that density is constant with latitude. Alternatively, in this paper we have addressed
the eﬀect of a latitudinally dependent wave coverage. A latitudinally dependent density model, however,
could aﬀect the results from this investigation, which will be the topic of future studies. We have assumed a
dipolemagnetic ﬁeldwith B0 = 4.28Gauss in the equatorial plane at the surface of the planet, which is a good
Table 2. Upper Band Chorus Wave Parameters at L = 10
Latitude Coverage |𝜆| < 3∘ |𝜆| < 15∘ |𝜆| < 40∘
Wave intensity |𝜆| < 15∘ : Bw(𝜆) = 0.337 ⋅ 103.093⋅10−2⋅|𝜆[∘]| [pT]|𝜆|> 15∘: Bw(𝜆) = 0.98 [pT] (assumed)
Wave spectral properties 𝜔m∕Ωce = 5 ⋅ 10−4 𝜔m∕Ωce = 0.1 𝜔m∕Ωce = 0.1
𝛿𝜔∕Ωce = 0.2 𝛿𝜔∕Ωce = 0.35 𝛿𝜔∕Ωce = 0.35
𝜔lc∕Ωce = 0.5 𝜔lc∕Ωce = 0.5 𝜔lc∕Ωce = 0.5
𝜔uc∕Ωce = 0.8 𝜔uc∕Ωce = 0.8 𝜔uc∕Ωce = 0.8
Wave normal 𝜃m = 0∘ , 𝛿𝜃 = 30∘ , 𝜃lc = 0∘ , 𝜃uc = 70∘
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Figure 2. Diﬀusion coeﬃcients calculated with the FDC code using the lower band chorus waves model in Figure 1 c.
Each row corresponds to a diﬀerent wave latitudinal coverage, and the three diﬀerent diﬀusion rates (pitch angle,
energy, and mixed diﬀusion) are given in the diﬀerent columns.
approximation in the inner Jovian magnetosphere. We should also note that at L = 10, the contribution from
Europa’s induced magnetic ﬁeld is negligible compared to Jupiter’s background ﬁeld [Kivelson et al., 1999].
The empirical Galileo Interim Radiation Electron model version 2 (GIRE2) [de Soria-Santacruz et al., 2016] is
used to calculate the initial condition for the PSD as a function of energy f (E)|GIRE2 at L = 10. The GIRE2model
is based on 10 min averages from the Energetic Particle Detector (EPD) on Galileo as well as on Pioneer and
Voyager data for those regions that were poorly covered by Galileo. A sinusoidal pitch angle 𝛼 dependence is
assumed as given by Albert and Young [2005]. The initial PSD as a function of energy and pitch angle can then
be expressed as follows:
f (E, 𝛼)|GIRE2 = f (E)|GIRE2 sin 𝛼 for 𝛼 >𝛼lc
f (E, 𝛼)|GIRE2 = 0 for 𝛼 ≤ 𝛼lc (5)
where 𝛼lc = 1.3∘ is the equatorial loss cone at L = 10 assuming that particles are lost at RJ = 1, where RJ is the
distance from the center of Jupiter in Jovian radii. With the purpose of studying the sensitivity of the inter-
action to the initial PSD, we also analyze the evolution of the electron distribution starting from two other
initial conditions: a ﬂat initial PSD and the analytical PSD spectrum from Albert and Young [2005]. The simula-
tion results from these two assumed initial conditions are compared to the evolution of the observed initial
condition f (E, 𝛼)|GIRE2 as a result of its interaction with chorus waves.
Boundary conditions in energy and pitch angle also have to be deﬁned in the 2-D simulations. The ﬂux at the
loss cone is set to zero, while the boundary condition at 𝛼 = 90∘ is set to df∕d𝛼 = 0. Similarly, the ﬂux at both
the minimum (10 keV) and maximum (10 MeV) energy boundaries is set to constant and equal to its initial
value, which assumes balance between sources and losses.
3. Simulation Results of Realistic Electron-Whistler Interactions at Jupiter
Pitch angle, energy, and mixed terms diﬀusion coeﬃcients are presented in Figures 2 and 3 for lower and
upper band chorus waves, respectively. Each column corresponds to a diﬀusion coeﬃcient, while the rows
correspond to three latitudinal coverages of the waves: <3, <15, and <40∘ It is evident from the ﬁgures that
diﬀusion due to lower band chorus is several orders ofmagnitude stronger than that fromupper band chorus
for most of the considered energies and pitch angles. For both bands, pitch angle diﬀusion rates are larger
than energy rates for all energies and pitch angles. However, we need to solve the diﬀusion equation in order
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Figure 3. Same as Figure 2 but for the upper band chorus wave model in Figure 1 b).
to compare the eﬀect of pitch angle and energy diﬀusion coeﬃcients on the electron PSD. Both ﬁgures also
show that increasing the latitude extent of the waves has the eﬀect of increasing the minimum energy at
which electrons are scattered near the edge of the loss cone. Scattering near the edge of the loss cone is
critical as it controls the loss from the system [Shprits et al., 2006b].
Figures 4–6 show the evolution of the PSD calculated with the VERB code for 100 keV, 500 keV, and 1 MeV
electrons, respectively. Each column corresponds to a diﬀerent initial condition described in section 2 and
ploted in black: the ﬁrst column is for the initial condition in Albert and Young [2005], the second column
assumesaﬂat initial PSD, and the third column is for anobserved initial conditionbasedon theGIRE2empirical
model in equation (5). Similar to Figures 2 and 3, the rows correspond to the diﬀerent latitudinal coverages
of the waves. The PSD ﬁgures consider the combined eﬀect of upper and lower band chorus on energetic
Figure 4. Evolution of the PSD calculated with the VERB code for 100 keV electrons. Each column corresponds to a
diﬀerent initial condition, and each row is for a diﬀerent wave latitudinal coverage. The ﬁgure considers the combined
eﬀect of upper and lower band chorus on energetic electrons.
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Figure 5. Same as Figure 4 but for 500 keV electrons.
electrons. However, the contribution of upper band waves is almost negligible compared to that from lower
band chorus. For the 100 keV electrons in Figure 4, diﬀusion leads to redistribution of particles toward lower
pitch angles with some particle loss for most wave coverages and initial conditions. In the case of ﬂat and
GIRE2 initial conditions with waves up to 3∘, the phase space density remains practically unchanged with
some minor acceleration being observed. It must be noted that the energy spectrum is always decreasing
with energy and it is always steep [de Soria-Santacruz et al., 2016], which means that an enhanced PSD at
a ﬁxed energy has to come from the lower energies in the spectrum. For the cases with wave coverages of
15∘ and 40∘, particle lifetimes are less than 4 days as calculated with the method in Shprits et al. [2006b]. The
losses in Figures 4f and 4i for the observed initial proﬁle from GIRE2 do not mean that acceleration is not
important but may indicate that additional acceleration mechanisms may have to be considered for 100 keV
electrons, possibly due to radial diﬀusion or interchange instability-driven injections. As already noted by
Shprits et al. [2012] and as suggested in Figure 4, the competition between loss and accelerationmechanisms
can be inﬂuenced by the latitudinal distribution of the waves. For the 500 keV electrons in Figure 5, there is
some redistribution of particles toward lower pitch angles, but in general we observe that chorus waves have
Figure 6. Same as Figure 4 but for 1 MeV electrons.
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a small eﬀect on 500 keV electrons. An exception is the case in Figure 5a (initial condition from Albert and
Young [2005] and waves up to 3∘), where there is some electron acceleration. Finally, Figure 6 presents the
results for 1MeV electrons, wherewe can observe intense acceleration from theAlbert andYoung [2005] initial
condition that agrees with the results in Shprits et al. [2012]. For the ﬂat and GIRE2 initial conditions, however,
1 MeV electrons remain practically unchanged except for a small redistribution of particles toward low pitch
angles. These results are discussed in the following section.
4. Discussion and Summary
We have analyzed the eﬀect of realistic chorus waves in the Jovian magnetosphere on the dynamics of ener-
getic electrons at L = 10. We have calculated pitch angle and energy diﬀusion that result from the interaction
with upper and lower band chorus waves obtained from the most up to date wave model based on the PWI
instrument on Galileo. Previous studies of wave-particle interactions at Jupiter were based on preliminary
chorus measurements [Horne et al., 2008] and lacked information on spectral and spatial parameters [Shprits
et al., 2012;Woodﬁeld et al., 2013, 2014]. In the present study, we incorporated this information based on the
extensive survey of chorus waves fromMenietti et al. [2016]. Some characteristics of the new wave model are
that it provides spectral and spatial wave distributions and that it predicts smallerwave amplitudes compared
to those in previous studies. We must note that nonlinear acceleration mechanisms like Relativistic Turning
Acceleration (RTA) and Ultrarelativistic Acceleration (URA) have also been proposed to explain the dynam-
ics of energetic electrons in planetary magnetospheres. Summers and Omura [2007] performed simulations
of individual electrons and showed that RTA and URA can accelerate them from several hundreds of keV to
ultrarelativistic energies. The eﬀects RTA or URA, however, have not been estimated in the context of global
radiation belt dynamics, and future research will be needed to study if inclusion of these phenomena may
improve the results of the simulations.
We have shown that diﬀusion coeﬃcients from lower band chorus are several orders of magnitude stronger
than those from upper band chorus for most energies and pitch angles. Moreover, the contribution to the
electron dynamics fromupper bandwaves is almost negligible compared to that from lower band chorus. We
studied the evolution of the electron phase space density as a function of the wave latitudinal coverage and
the initial electron distribution. The realistic wave model used in this study was limited by the latitude cover-
age of the Galileo spacecraft (|𝜆|< 15∘), and so for larger latitudes (up to |𝜆| = 40∘) we assumed that waves
would have the same intensity and spectral parameters than those for the |𝜆| = 15∘ case. As already noted
by Shprits et al. [2012], we conﬁrmed that the competition between loss and accelerationmechanisms can be
inﬂuenced by the latitudinal distribution of the waves. For 100 keV particles, we observed that in most cases
diﬀusion leads to redistribution of particles toward lower pitch angleswith someparticle loss, which seems to
indicate that additional acceleration mechanisms, like radial diﬀusion or interchange instability-driven injec-
tions, may bemissing from the simulations. For 100 keV electrons, the resulting electron distribution is clearly
dependent on the latitude coverage of the waves. Moreover, the wave acceleration process, or energy diﬀu-
sion, depends on the gradient of the electron phase space density with energy. The data given in the GIRE2
model is a result of averagingdata fromseveral diﬀerentpasses ofGalileo andother spacecraftmeasurements.
It is likely that the GIRE2model is a better representation of the ﬁnal state of the electron phase space density
after the action of thewaves and other transport eﬀects. For energies above>500 keV, observed (fromGIRE2)
and ﬂat initial distributions are only weakly aﬀected by chorus waves independently of the wave coverage,
which seems to indicate that pitch angle and energy diﬀusion alone could account for the phase space den-
sity given by the empirical GIRE2 model for >500 keV electrons, or there may be additional acceleration and
lossmechanisms that balance each other. Ideally, however, one requires the initial distribution of the electron
phase space density before transport takes place to assess the importance of wave acceleration, but this is
not available. For example,Woodﬁeld et al. [2013, 2014] show that wave-particle acceleration in the absence
of electron transport can produce a radiation belt approaching that of the GIRE2 model, but the inclusion of
transport eﬀects improves the comparison with data. So although the simulations here might at ﬁrst suggest
that the eﬀects of wave acceleration are limited, onemust bear inmind that there is no unique solution. What
is clear from the results in this study is that the shape of the electron phase space density and the latitudi-
nal extent of the waves are important for both electron acceleration and loss. The Juno spacecraft will soon
release wave and particle measurements at large latitudes, which will be used to validate the assumptions
and results in this study in the near future.
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